Objectives The authors sought to compare the radiation dose between radial and femoral access.
Radiation exposure from cardiac procedures is an important risk for both patients and physicians. Radiation has been associated with an increased risk of cancer for patients undergoing cardiac procedures, based upon observational analyses from administrative databases (1) . Furthermore, radiation is likely the most important occupational hazard for healthcare providers working in cardiac catheterization laboratories. Small randomized trials and observational studies have suggested that the use of radial access leads to higher radiation doses for both patients and healthcare workers compared with femoral access (2) (3) (4) . This increase in radiation may be due to the technical challenges of using radial access, including subclavian tortuosity and reduced guide support (5) . However, a significant limitation of some of the prior single-center studies is that many may have been performed during the operators' learning curve of radial access.
The RIVAL (RadIal Vs. femorAL) trial was an international multicenter randomized trial of 7,021 patients that compared radial versus femoral access for coronary angiography and intervention in patients with acute coronary syndromes (ACS) (6) . The overall trial showed no difference in the primary outcome of death, myocardial infarction, stroke, or non-coronary artery bypass surgery-related major bleeding between groups; however, radial access was associated with a more than 60% reduction in vascular access site complications compared with femoral access. During the course of the trial, detailed data relating to radiation exposure were collected.
The objective of this analysis was to compare the radiation dose with radial versus femoral access as measured by air kerma and dose-area product (DAP) and to determine independent predictors of radiation dose.
Methods
Study design. The design of the RIVAL trial has been published (7) . It was a prospective randomized trial of patients with ACS comparing radial versus femoral access for coronary angiography and same-sitting percutaneous coronary intervention (PCI) if clinically indicated. Between June 6, 2006 , and November 3, 2010, 7,021 patients were enrolled from 158 hospitals in 32 countries (6) .
Patients were eligible for RIVAL if: 1) they presented with non-ST-segment elevation ACS or ST-segment elevation ACS; 2) they were to be managed with an invasive approach; 3) they had intact dual circulation of the hand documented by Allen's test; and 4) the interventional cardiologist was willing to proceed with either the radial or femoral approach (and had expertise for both, including at least 50 radial procedures within the previous year).
Patients were not eligible for RIVAL if they presented with cardiogenic shock, severe peripheral vascular disease precluding a femoral approach, or prior coronary bypass surgery using both internal mammary arteries. Radiation measurements. Radiation measurements in the form of air kerma and DAP were collected in 2,569 patients enrolled in the trial from sites that had the facilities to provide these measurements. Fluoroscopy time was also collected for both diagnostic and PCI procedures in the overall population.
Air kerma is defined as the radiation energy adsorbed per unit mass of air (kg) and was reported in milliGrays (mGy). DAP is a product of the air kerma and exposed area, and was reported in Gy·cm 2 .
Statistical considerations. Baseline characteristics were recorded for patients who had radiation measurements reported (air kerma and/or DAP). Median air kerma, DAP, (6) . Because fluoroscopy time, air kerma, and DAP were not normally distributed, we performed logistic regression for above and below the median to derive an interaction p value for subgroups.
The measured air kerma was logarithmically transformed because the distribution was positively skewed. To determine independent predictors of air kerma, multivariable linear regression was performed utilizing known predictors of radiation dose, which include age, sex, radial access, diabetes, prior coronary artery bypass grafting, BMI, prior peripheral arterial disease, PCI, 100% occlusion of culprit lesion, STEMI, and tertiles of center radial PCI volume and then repeated using tertiles of operator radial PCI volume. Ratios of the geometric means were back transformed to provide a clinically relevant estimate of the predictive value of each of the preceding variables. The same approach was followed for DAP, which also had a positively skewed distribution.
Results
Of the 7,021 patients enrolled in the RIVAL trial, 2,569 patients at 42 centers in 16 countries had a radiation measurement reported in the form of air kerma or DAP for their index procedure. Of these 2,569 patients, 1,445 had air kerma reported and 2,255 had DAP reported, whereas 1,131 had both air kerma and DAP reported.
Baseline characteristics for the patients with radiation measurements, shown in Table 1 , are well balanced between radial and femoral access and similar to the overall trial participants. Overall radial versus femoral access. Fluoroscopy time was increased with radial compared with femoral access (radial 9.3 min vs. femoral 8.0 min, p Ͻ 0.0001) ( Table 2 ). Median , p ϭ 0.83) ( Table 4) . Procedural volume and radial versus femoral access. When centers were stratified into tertiles of radial PCI volume, fluoroscopy time was increased with radial compared with femoral access in low-volume (10 vs. 8.5 min, p Ͻ 0.001) and middle-volume centers (9.5 vs. 7.8 min, p Ͻ 0.001). At the individual operator level, fluoroscopy time was increased in all 3 tertiles of operator volume. There were significant interactions with much smaller differences of fluoroscopy time in high-volume centers (8.3 vs. 8.0 min, p ϭ 0.059, interaction p ϭ 0.021) and among high-volume operators (8.7 vs. 8.0 min, p ϭ 0.024, interaction p ϭ 0.002) ( Table 2) .
Air kerma was increased with radial versus femoral access only in the lowest-volume radial centers (low 1,425 vs. 1,045 mGy, p ϭ 0.002; middle 987 vs. 958 mGy, p ϭ 0.597; high 652 vs. 621 mGy, p ϭ 0.403; interaction p ϭ 0.026) (Fig. 1, Table 3 ). When results were stratified by tertiles of operator radial PCI volume, air kerma was only increased in low-volume radial operators with radial compared with femoral access (Fig. 2, Table 3 ), but the interaction term was not significant (p ϭ 0.263).
When centers were stratified into tertiles of radial PCI volume, DAP was not different between radial and femoral in all 3 tertiles ( Table 2 . Air kerma levels were significantly higher with radial compared with femoral access in only those patients with STEMI (1,272 vs. 1,072 mGy, p ϭ 0.039, interaction p ϭ 0.763) and those who underwent PCI (1,317 vs. 1,230 mGy, p ϭ 0.040, interaction p ϭ 0.085) ( Table 3) . For DAP, the results were consistent with no differences between radial and femoral access in the additional subgroups (Table 4) . Independent predictors of air kerma were radial center volume, PCI for index procedure, 100% occlusion of culprit lesion, radial access group, female, BMI, and diabetes (Fig. 3) . On the basis of the ratios of the geometric means, the 2 most important predictors were PCI (ratio 2.29; 95% confidence interval [CI]: 2.13 to 2.47) and high radial center volume (ratio 0.55; 95% CI: 0.49 to 0.61) (Fig. 3) . When the analysis was repeated utilizing radial operator instead of center volume, the overall results were similar, and radial operator volume was a significant predictor of air kerma (ratio 0.74; 95% CI: 0.68 to 0.82) (Online Fig. 1 ).
Independent predictors of DAP were radial center volume, PCI for index procedure, 100% occlusion of culprit lesion, female, diabetes, prior CABG, BMI, and peripheral vascular disease (Fig. 4) . Radial access was not a significant independent predictor of DAP (ratio 1.04; 95% CI: 0.97 to 1.11). When the analysis was repeated using radial operator instead of center volume, the overall results were similar, and radial operator volume was a significant independent predictor of DAP (ratio 0.82; 95% CI: 0.74 to 0.90) (Online Fig. 2 ).
Discussion
The RIVAL trial is the first large, international multicenter randomized trial to compare the radiation dose of radial versus femoral access for coronary interventions. Although fluoroscopy time was increased with radial compared with femoral access, radiation dose as measured by air kerma was only nominally increased with radial access, with this difference only occurring in low-volume radial centers. By contrast, radiation dose as measured by DAP was not different between radial and femoral access. Finally, procedural volume appears to be a more important predictor of radiation dose than either radial or femoral access, thereby underscoring the importance of operator and center experience regardless of access site used.
In the overall RIVAL trial, a significant interaction for the primary outcome was observed for radial center volume with a benefit observed for radial access in the highest tertile of center volume. The results of the present analysis reinforce the concept that expertise and training are important for radial access. It was previously Abbreviations as in Tables 1 and 2 .
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unknown whether the observed increase in radiation dose related to radial compared with femoral access could be overcome with increased training. It is clear from this analysis from the RIVAL trial that high-volume centers and operators are able to achieve similar radiation doses as measured by air kerma with either access site approach.
The magnitude of differences observed between low-and high-volume centers was much greater than that between access site approaches. This suggests that operator training and education are very important to reduce the radiation exposure to patients, operators, and healthcare workers working in cardiac catheterization laboratories. Values are median (interquartile range). *Interaction above and below median.
Abbreviations as in Tables 1 and 2 . Most of the radiation for PCI is from cine-angiography with only a small minority from fluoroscopy. As a result, fluoroscopy time is a poor surrogate measure of radiation dose for the patient. Small increases in fluoroscopy time during crossing of the subclavian artery or traversing the brachial artery with radial access do not appear to lead to significant increases in total radiation dose compared with femoral access. Clinicians may ask why a difference was observed for fluoroscopy time and a trend for air kerma but not DAP. A potential reason is that DAP is dependent on the size of the radiation field so that imaging practices such as differential coning by operators could have led to similar DAP between the groups despite nominal differences in air kerma. By contrast, differential coning would not have affected air kerma values.
Previous observational analyses have suggested that radial access may be associated with an increased radiation dose, but this may have been confounded by selection bias (8) . The 3 prior randomized trials of radial versus femoral access examining radiation dose were limited by the fact that they were: 1) single-center trials with a small number of operators; 2) did not report air kerma values; and 3) did not report outcomes by procedural volume (2) (3) (4) . In these trials, 2 demonstrated increased DAP and fluoroscopy time with radial compared with femoral access, and 1 trial showed no difference.
From a patient perspective, the small overall differences in air kerma (approximately 100 mGy or 10% increase) between radial and femoral access for a single procedure is likely to have minimal risk for subsequent cancer based on the available literature. The impact for the operator over a 30-year career is likely to be more significant, with a 10% increase representing an additional 3 years of radiation equivalent. However, this increase associated with radial access can likely be avoided with increased training and procedural volume.
Measures to reduce operator radiation dose should be used irrespective of the access site and include transparent, ceiling-mounted shielding, below-table shielding, and use of stored fluoroscopy when possible (9) . Disposable radiation blocking drapes and lead shields draped over the patient may further lower operator radiation dose (10, 11) . Study limitations. Personalized dosimeter measurements for healthcare workers performing the procedures were not collected. Therefore, the measurements reported are of the radiation doses received by the patients. The type of x-ray system was not collected as part of the study. As a result, it is possible that centers with more modern systems participated in the radiation substudy because these systems routinely report air kerma and DAP. As a result, these results may be more applicable to centers with modern x-ray systems. Finally, the participation of trainees was not recorded on case report forms, and participation of trainees can increase radiation dose. Despite these limitations, this is the largest randomized trial to assess the radiation dose between radial and femoral access and the effect of procedural volume.
Conclusions
Radiation dose as measured by air kerma is nominally higher with radial versus femoral access, but differences are present only in lower-volume centers and operators. Procedural volume was a more important predictor of radiation dose than choice of access site. Experience is the most important factor in reducing radiation exposure from coronary procedures regardless of whether radial or femoral access is performed. N T I O N S , V O L . 6 , N O . 3 , 2 0 1 3 
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